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RECEIVE A SOURCE IMAGE HAVING A FIRST IMAGE CONFIGURATION

1320
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--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FPROVIDE, TO AN A6 ENGINE, THE RECEIVED SOURCE IMAGE

1340

IDENTIFY, BASED ON A SET OF RULES RELATED TO VIGUAL FEATURES,
CANDHDATE REGIONS FROM THE SOURCE IMAGE

1550

GENERATE RPIS BASED ON THE CANDIDATE REGIONS, RESPRECTIVELY

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DETERMINEG, BASED ON PRICR AESTHETICAL EVALUATION DATA, AN
AESTHETICAL VALUE OF EACH RP
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] 380
EXTRACT, FROM THE AP ENGINE, THE FIRSTRPISELECTED AS THE
TARGET IMAGE
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AI-BASED AESTHETICAL IMAGE
MODIFICATION

BACKGROUND

The recent development in digital photography has revo-
lutionized how visual content i1s created, published, shared
and consumed, and has contributed to the births and suc-
cesses of a number of significant visual content-based social
networking services, such as, Instagram™, TikTok™, efc.
Now it has become a norm for anyone with a mobile device
or digital camera to create, modily, store and share pictures
and videos through various IT and social platforms. How-
ever, diflerent content-related platforms require or impose
different 1mage configuration requirements and restrictions.
Even within the same platform, diflerent image configura-
tion requirements and restrictions are oiten imposed depend-
ing on service or function types. For example, within the
same Instagram™ platform, Instagram™ photo posts are
automatically modified to have one 1mage configuration
(e.g., 1080x1080 pixels) while photos uploads for Insta-
gram™ stories are automatically modified to have a different
image configuration (e.g., 1080x1920 pixels). Due to such
differences among diflerent requirements and usage sce-
narios, a visual content created to meet one requirement or
usage scenario may not be as aesthetically pleasing or
visually eflective as the original content when used for other
usage scenarios. Hence, when the same visual content or
source content 1s to be used for different usage scenarios
(e.g., a magazine page, webpage banner, Facebook™ post,
email template, newspaper advertisement, etc.), a user must
manually modify the source content to generate a number of
different variations manually to ensure that each variation
meets different configuration requirements or restrictions
while maintaining the same or similar aesthetical value or
visual effectiveness. This requires human intelligence, train-
ing, skill and efforts, which cannot be easily replicated even
with a state-of-art machine.

SUMMARY

In an implementation, a system for modifying an image,
including a processor and a computer-readable medium 1n
communication with the processor. The computer-readable
medium including instructions that, when executed by the
processor, cause the processor to control the system to
perform functions of receiving a source image having a first
image configuration; determining a second image configu-
ration for a target image; providing, to an artificial intelli-
gence (Al) engine, the recerved source image, the Al engine
trained to perform functions of identitying, based on a set of
rules related to visual features, a plurality of candidate
regions from the source 1mage, each candidate region show-
ing a different portion of the source image; generating a
plurality of regional proposal images based on the plurality
ol i1dentified candidate regions, respectively, wherein each
proposal region 1mage has the second 1mage configuration;
determining, based on prior aesthetical evaluation data, an
aesthetical value of each regional proposal image; and
selecting, based on the determined aesthetical value of each
regional proposal 1mage, a first regional proposal image as
the target image, the first region proposal 1image being one
of the plurality of regional proposal images; extracting, from
the Al engine, the first regional proposal 1mage selected as
the target image; and causing the first regional proposal
image to be displayed via a display of a user device.
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2

In another implementation, a method of operating a
system for moditying an image includes receiving a source
image having a first 1image configuration; determining a
second 1mage configuration for a target image; providing, to
an artificial intelligence (Al) engine, the received source
image, the Al engine trained to perform functions of 1den-
tifying, based on a set of rules related to visual features, a
plurality of candidate regions from the source 1mage, each
candidate region showing a different portion of the source
image; generating a plurality of regional proposal images
based on the plurality of identified candidate regions,
respectively, wherein each proposal region image has the
second 1mage configuration; determining, based on prior
aesthetical evaluation data, an aesthetical value of each
regional proposal 1mage; and selecting, based on the deter-
mined aesthetical value of each regional proposal image, a
first regional proposal 1mage as the target image, the first
region proposal 1mage being one of the plurality of regional
proposal 1mages; extracting, from the Al engine, the first
regional proposal image selected as the target image; and
causing the first regional proposal image to be displayed via
a display of a user device.

In another implementation, a non-transitory computer-
readable medium including instructions that, when executed
by a processor, cause the processor to control a system to
perform receiving a source image having a {first image
confliguration; determining a second 1image configuration for
a target 1mage; providing, to an artificial intelligence (AI)
engine, the received source image, the Al engine trained to
perform functions of identifying, based on a set of rules
related to visual features, a plurality of candidate regions
from the source image, each candidate region showing a
different portion of the source 1image; generating a plurality
of regional proposal images based on the plurality of 1den-
tified candidate regions, respectively, wherein each proposal
region 1mage has the second 1image configuration; determin-
ing, based on prior aesthetical evaluation data, an aesthetical
value of each regional proposal image; and selecting, based
on the determined aesthetical value of each regional pro-
posal 1mage, a first regional proposal image as the target
image, the first region proposal image being one of the
plurality of regional proposal images; extracting, from the
Al engine, the first regional proposal image selected as the
target 1mage; and causing the first regional proposal 1image
to be displayed via a display of a user device.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to identily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limat
the scope of the claimed subject matter. Furthermore, the
claimed subject matter 1s not limited to implementations that
solve any or all disadvantages noted in any part of this
disclosure.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The drawing figures depict one or more implementations
in accord with the present teachings, by way of example
only, not by way of limitation. In the figures, like reference
numerals refer to the same or similar elements. Furthermore,
it should be understood that the drawings are not necessarily
to scale.

FIG. 1 illustrates an example system configured to modily
a source 1mage to generate a target image.

FIG. 2 illustrates an example source image.
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FIGS. 3A and 3B illustrate example configurations of the
source and target images.

FIG. 4 illustrates example operations of a candidate
region selection machine learning (ML) model.

FI1G. 5 1llustrates example shapes, sizes and locations of 53

a plurality of candidate regions on the source image.

FIGS. 6A, 6B and 6C illustrate the plurality of candidate
regions extracted from the source image.

FIGS. 7A, 7B and 7C illustrate examples of modifying the
plurality of extracted candidate regions to generate a plu-
rality of regional proposal images.

FIG. 8 illustrates the plurality of regional proposal
1mages.

FIG. 9 illustrates example operations of an aesthetical
evaluation ML model.

FIG. 10 1llustrates example parallel aesthetic evaluation
operations of the aesthetical evaluation ML model.

FIG. 11 illustrates example two-step coarse and {ine
aesthetic evaluation operations of the aesthetical evaluation
ML model.

FIGS. 12A and 12B illustrate another example source
image and example target image, respectively.

FIG. 13 15 a flow diagram showing example operations by
the system to modily a source image to generate a target
1mage.

FI1G. 14 1s a block diagram showing an example computer
system upon which aspects of this disclosure may be imple-
mented.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of examples in order to provide
a thorough understanding of the relevant teachings. How-
ever, 1t should be apparent that the present teachings may be
practiced without such details. In other instances, well
known methods, procedures, components, and/or circuitry
have been described at a relatively high-level, without detail,
in order to avoid unnecessarily obscuring aspects of the
present teachings.

When an existing image 1s to be used for posting, sharing,
publishing, transmitting, etc., the 1mage 1s very often modi-
fied or edited to meet 1mage configurational requirements or
guidelines 1mposed or suggested by an online or ofiline
content sharing, printing or publishing service or platform.
Such requirements or guidelines often vary platform to
platform, service to service even in the same platform,
function to function even in the same service, etc. Hence, the
user must manually modify the image to meet the configu-
ration requirements or restrictions. In doing so, the user also
has to consider how to retain the same or similar aesthetical
value or visual effectiveness in the modified 1image, which
requires human intelligence, tramning, skill and eflorts,
which cannot be easily replicated even with a state-of-art
machine. Hence, the image has to be manually edited and
modified by the user, which may be time consuming and
may not result in the best outcome.

This description 1s directed to having an artificial intelli-
gence (Al) engine modily an image to have any desired
image configuration (e.g., size, shape, etc.) while retaining
or even 1mproving the aesthetical value, providing a tech-
nical solution to the technical problems. A source image
having an original configuration is recerved, and a target
configuration, to which the source configuration 1s con-
verted, 1s determined. Then, using an Al engine, the source
image 1s modified to have the target configuration. In doing
s0, the Al engine 1dentifies, based on a set of rules related to
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4

visual features, a plurality of candidate regions from the
source 1mage. Each candidate region shows a different but
important portion of the source image. Based on the plurality
of i1dentified candidate regions, the Al engine generates a
plurality of regional proposal 1images by, for example, resiz-
ing, cropping or warping the candidate regions, or adding a
new portion to an existing candidate region such that each
proposal region image has the target 1image configuration.
Then, the Al engine determines, based on prior aesthetical
evaluation data, an aesthetical value of each regional pro-
posal 1mage, ranks the regional proposal images based on
their aesthetical values, and selects one of the regional
proposal 1images having the highest aesthetical value as a
target image. The target image 1s then extracted from the Al
engine, and displayed via a display of a user device. As such,
it becomes possible to generate, based on a single source
image, a taillor-made 1image having a required or desired size
or shape with the highest possible aesthetical value can be
automatically and promptly created by the Al engine and
presented to a user, and the user can use such 1mages 1n any
usage scenarios without any training or skills.

With this overview, attention i1s now turned to the figures
to described various implementations of the presenting
teachings.

FIG. 1 illustrates an example system 100 configured to
modily a source 1image to have a different 1mage configu-
ration (e.g., size, shape, etc.) and a high aesthetical value.
The term “aesthetical value” refers to a quantified degree of
how aesthetically pleasing or satistying an image 1s. Such
aesthetical value on the same 1mage may difler person to
person, but tends to converge to a certain value when
evaluated by a large group of people. When no collective
consensus 1s observable from the evaluations by a large
group of people, an average evaluation value may be used to
determine the aesthetical value. The system 100 may include
a local device 110, a server 120, an artificial intelligent (AI)
engine 130, one or more machine learning (ML) model (e.g.,
a candidate region selection ML model 140A, aesthetical
evaluation ML model 1408, etc.), and/or the like. The ML
models 140A, 140B, etc. are collectively referred to as “ML
models 140 hereimaftter.

The local device 110 1s representative of any physical or
virtual computing system, device, or collection thereot, such
as a smart phone, laptop computer, desktop computer, hybrid
computer, tablet computer, gaming machine, smart televi-
sion, entertamnment device, Internet appliance, virtual
machine, wearable computer, as well as any variation or
combination thereof. The local device 110 may operate
remotely from the server 120, and hence may communicate
with each other by way of data and information exchanged
over a suitable communication link or links. The local
device 110 may implement some of or all the functions for
aesthetically modifying a source image for a user of the local
device 110. The local device 110 may also include or be 1n
communication with the Al engine 130, ML models 140, etc.

The local device 110 may host a local service 112 con-
figured to perform some of or all the functions for modifying
a source 1mage to have a diflerent image configuration (e.g.,
s1ze, shape, etc.) and a high aesthetical value. The local
service 112 1s representative of any software application,
module, component, or collection thereof, capable of pro-
viding visual enhancement suggestions. The local service
112 may operate independently from or as part of a software
tool (e.g., web browser, content creation soitware, photo
editing software, publishing software, word processing soit-
ware, presentation software, web development software,
blog software, graphic design soiftware, etc.) for creating
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visual contents (e.g., photos, documents, presentations, post-
cards, calendars, menus, templates, notifications, web pages,
blog postings, advertisements, public relations (PR )/promo-
tion matenals, etc.) or uploading or sharing such visual
contents via one or more platforms, services, functions, etc.
The local device 110 may include or be connected to a
display 114, which may display a graphical user interface
(GUI) for the local service 112 or the software tool.

In an mmplementation, the local service 112 may be
implemented as a locally installed and executed application,
streamed application, mobile application, or any combina-
tion or variation thereof, which may be configured to carry
out operations or functions related to modifying a source
image to have a different image configuration and a high
aesthetical value. Alternatively, the local service 112 may be
implemented as part of an operating system (OS), such as
Microsoit™  Windows™, Apple™ 10S™,  Linux™,
Google™ Chrome OS™, etc. The local service 112 may be
implemented as a standalone application or may be distrib-
uted across multiple applications.

The server 120 1s representative of any physical or virtual
computing system, device, or collection thereotf, such as, a
web server, rack server, blade server, virtual machine server,
or tower server, as well as any other type of computing
system, which may, 1n some scenarios, be implemented 1n a
data center, a virtual data center, or some other suitable
tacility. The server 120 may operate an 1image modification
service 122, which may implement all or portions of the
functions for modifying a source image to have a different
image configuration (e.g., size, shape, etc.) while retaining a
high aesthetical value. The service 122 may host, be inte-
grated with, or be 1 communication with various data
sources and processing resources, such as, the ML models
140, one or more data storages (e.g., selection rules 150A,
prior aesthetic evaluations 150B, etc.), and/or the like. The
data storages 150A, 150B, etc. are collectively referred to as
“data storages 150 hereinaiter.

The service 122 may be any software application, module,
component, or collection thereol capable of moditying a
source 1mage to have a diflerent 1mage configuration (e.g.,
s1ze, shape, etc.) and a high aesthetical value and providing
such modified image to the local service 112. In some cases,
the service 122 1s a standalone application carrying out
various operations related to functions for modifying a
source 1mage to have a different image configuration (e.g.,
s1ze, shape, etc.) and a high aesthetical value.

The features and functionality provided by the local
service 112 and service 122 may be co-located or even
integrated as a single application. In addition to the above-
mentioned features and functionality available across appli-
cation and service platiorms, aspects of the aesthetical image
modification functions may be carried out across multiple
devices on a same or different computing devices. For
example, some functionality for the aesthetical image modi-
fication functions may be provided by the local service 112
on the local device 10 and the local service 112 may
communicate by way of data and information exchanged
between with the server 120 or other devices. As another
example, the local device 110 may operate as a so-called
“thin client” 1n a virtual computing environment and receive
video data that 1s to be displayed via the display 114. In this
virtual computing scenario, the server 120 may carry out the
entire aesthetical 1image modification functions.

To carry out the aesthetical image modification functions,
the server 120 may include or be in communication with the
Al engine 130. The Al engine 130 may include or be in
communication with ML models 140, data storages 150,
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6

and/or the like. The Al engine 140 and ML models 140 and
150 may be implemented based on a machine-learning
(ML), which generally involves various algorithms that can
automatically learn over time. The foundation of these
algorithms 1s generally built on mathematics and statistics
that can be employed to predict events, classily entities,
diagnose problems, and model function approximations. As
an example, the candidate region selection ML model 140A
(herematter “selection model 140A”) may be trained to
identify a plurality of candidate regions from a source image
based on a set of rules related to visual features stored 1n, for
example, the data storage 150A, etc. The aesthetical evalu-
ation ML module 140B may be trained to determine asso-
clations between various datapoints and make decisions
based on the patterns and associations in the prior aesthetic
evaluations stored in the data storage 150B, etc. Such
determination may be made following the accumulation,
review, and/or analysis of data from a large number of users
over time, that may be configured to provide the ML
algorithm (MLA) with an 1mitial or ongoing traiming set.

In different implementations, a training system may be
used that includes an initial ML model (which may be
referred to as an “ML model trainer”) configured to generate
a subsequent trained ML model from traiming data obtained
from a training data repository. The generation of this ML
model may be referred to as “training” or “learning.” The
training system may include and/or have access to substan-
tial computation resources for traiming, such as a cloud,
including many computer server systems adapted {for
machine learning training. In some implementations, the ML
model trainer may be configured to automatically generate
multiple different ML models from the same or similar
training data for comparison. For example, diflerent under-
lying ML algorithms may be trained, such as, but not limited
to, decision trees, random decision forests, neural networks,
deep learming (for example, convolutional neural networks),
support vector machines, regression (for example, support
vector regression, Bayesian linear regression, or (Gaussian
process regression). As another example, size or complexity
of a model may be varied between different ML models,
such as a maximum depth for decision trees, or a number
and/or size of hidden layers in a convolutional neural
network.

Moreover, different training approaches may be used for
training different ML models, such as, but not limited to,
selection of training, validation, and test sets of training data,
ordering and/or weighting of training data 1tems, or numbers
of training 1terations. One or more of the resulting multiple
trained ML models may be selected based on factors such as,
but not limited to, accuracy, computational etliciency, and/or
power elliciency. In some implementations, a single traimned
ML model may be produced. The training data may be
continually updated, and one or more of the models used by
the system can be revised or regenerated to reflect the
updates to the traiming data. Over time, the training system
(whether stored remotely, locally, or both) can be configured
to receive and accumulate more and more training data
items, thereby increasing the amount and variety of training
data available for ML model training, resulting in increased
accuracy, effectiveness, and robustness of tramned ML mod-
els.

FIG. 2 illustrates an example source image 200, which
may be a picture taken by the user of the local device 110,
downloaded from a website, available from a software
application, etc. FIG. 3A illustrates an example rectangular-
shaped original configuration of the source image 200 may
be, for example, 1200 pixels by 800 pixels. The system 100
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may be configured to modity the source image to have a new
image configuration different from the original 1image con-
figuration, which 1s referred to as a target image configura-
tion heremafter. FIG. 3B illustrates an example square-
shaped configuration for a target image 300, which may be,
for example, 600 pixels by 600 pixels. As such, at least one
of the height and width of the target image 300 may be
different from at least one of the height and width of the
source 1mage 200.

The system 100 may then determine the target image
configuration. The target image configuration may be pro-
vided by the user or stored 1n a data storage. For example,
when the user wishes to modily the source image 200 to
upload to his or her Facebook™ page, the user may enter an
image configuration optimized for a Facebook™ post (e.g.,
1200 pixels by 788 pixels) as the target image configuration.
The system 100 may also store various target image con-
figurations that are required or optimized for diflerent plat-
forms, services and functions. Such target 1image configu-
ration may be automatically identified and applied when the
user selects a particular platform, service or function or the
user 1s using the part particular platform, service or function.
For example, when the system 100 detects that the user 1s
browsing a Facebook™ website, using a Facebook™ appli-
cation, etc., the system 100 may automatically apply the
image configuration optimized for a Facebook™ post as the
target 1mage configuration. The system 100 may also be
configured to perform an online search to determine the new
image configuration when the new 1mage configuration 1s
readily available to the user or the system 100.

Upon receiving the source image 200 and 1dentifying the
target 1mage configuration, the system 100 may identity,
from the source 1image 200, a plurality of candidate regions
400 based on a set of rules related to visual features. Each
of the candidate regions 400 may show a different portion of
the source image 200 although some of the candidate
regions 400 may at least partially overlap each other. In
certain circumstances, one of the candidate regions 400 may
be entirely located with another candidate region.

In an implementation, the candidate regions 400 may be
identified by the selection model 140A. FIG. 4 1llustrates
example operations of the selection model 140. The selec-
tion model 140A may be trained to select the candidate
regions 400 based on a set of rules related to visual features
stored 1n the data storage 150A. The stored set of rules may
include the 1dentified second 1image configuration, an aspect
rat1o or shape of the source image 200 or target image 300,
a location of text 1n the source image 200, a location of a
logo 1n the source 1mage 200, a location of a specific body
part 1n the source image 200, a predetermined visibility
tolerance, a predetermined clarity or distortion tolerance,
etc. For example, when the source image 200 prominently
shows an object (e.g., a person, logo, etc.), the set of rules
may indicate that each candidate region 400 should show at
least a portion of the source image 200 showing the object.

FIG. 5 1llustrates example candidate regions 400A, 4008
and 400C, which are selected as the source image 200 based
on the set of rules. The candidate regions 400A, 400B and
400C are collectively referred to as the candidate regions
400 hereinafter. The selection model 140A may select the
candidate regions 400A, 400B and 400C for prominently
showing a carnival ride, a traditional architecture, and a flare
from a lamp, respectively. FIGS. 6A, 6B and 6C 1llustrate
the candidate regions 400 extracted from the source image
200. As shown 1n FIGS. 5 and 6, the candidate regions 400
may not be required to have the same configuration as the
target image configuration, and portions of the source 1image
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200 that are different from the target 1mage configuration
may be selected as the candidate regions 400. For example,
portions of the source image 200 that are substantially larger
or smaller than the target image configuration may be
selected as the candidate regions. When such substantially
larger or smaller portions are resized to have the same 1image
configuration as the target image configuration, the object
shown 1n the portions may become too small, blurry or
distorted. Hence, the set of rules may define the visibility,
clarity and distortion tolerances to avoid selecting unusable
portions of the source image 200 as the candidate regions.
For example, depending on a resolution/clarity of the source
image 200, the set of rules may prohibit each candidate
region 400 to be smaller or larger than a predetermined size.

Once the candidate regions 400 are selected from the
source 1mage 200, the system 100 may modify the candidate
regions to generate a plurality of regional proposal 1images
(RPIs). The RPIs may be generated by, for example, resiz-
ing, cropping or warping at least some of the candidate
regions 400 or adding a new region to at least some of the
candidate regions 400 such that the corresponding RPIs 700
may have the target image configuration, for example, 600
pixels by 600 pixels as shown in FIG. 3B. For example, as
shown 1n FIG. 7A, the candidate region 400A may have the
target 1image configuration, requiring no modification to the
image configuration. In such case, the system 100 may not
perform any modification to the i1mage configuration.
Instead, the system 100 may perform image enhancement on
the candidate region 400 such that the corresponding RPI
becomes more visually eflective. For example, the system
100 may adjust a brightness, contrast, color, sharpness, efc.
to visually enhance the candidate region 400A. Other RPIs
700 having an 1image configuration different from the target
image configuration may be modified by, for example,
resizing, cropping, warping, and/or the like. For example, in
FIG. 7B, the RPI 400B that 1s larger than the target image
300 may be resized or reduced to have the same size as the
target 1mage 300. Also, mn FIG. 7C, the RPI 400C that 1s
smaller than the target image 300 may be resized or enlarged
to have the same size as the target image 300. As such, as
shown 1n FIG. 8, the system 100 may generate a number of
RPIs 700, such as the RPIs 700A, 700B and 700C, that have
the same 1mage configuration as the target image configu-
ration of the target image 300.

The system 100 may then determine an aesthetical value
of each RPI 700. In an implementation, such aesthetical
value may be determined by the aesthetical evaluation ML
model 140B (heremaiter “evaluation model 140B”). FI1G. 9
illustrates example operations of the evaluation model 1408,
which may receive the RPIs 700 and determine an aestheti-
cal value of each received RPIs 700 based on the prior
aesthetical evaluation data stored in the data storage 150B.
The prior aesthetical evaluation data may include a plurality
of prior user aesthetical evaluation values (e.g., grade, score,
etc.) of a plurality of sample 1images having different visual
features and configurations. For example, a large number of
evaluation scores or grades on a plurality of sample 1images
may be collected. The sample 1mages may have different
visual features and image configuration. Some of the sample
images may show similar features but may have different
image configurations. Some of the sample 1images may have
similar 1mage configuration and show a similar feature
positioned at diflerent portions of on the sample images. The
prior aesthetical evaluation data may include the wvisual
features and 1mage configuration of each sample 1image and
evaluation values (e.g., evaluation scores or grades) on each
sample 1mage collected from a group of evaluators.
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The evaluation model 140B may then be trained with the
prior aesthetical evaluation data to identify patterns or
correlations between various visual features and/or image
configurations of the sample images and the evaluation
values of the sample 1images. Based on the identified pattern
or correlations, the evaluation model 140B may then deter-
mine an aesthetical value of each RPI 700. For example, the
evaluation model 140B may identily, from the prior aes-
thetical evaluation data, that the sample 1images prominently
showing a flare or bright light at the center have received
low average evaluation values (e.g., average 30 points out of
100). On this basis, the evaluation model 140B may deter-
mine that the RPI 700C (shown in FIG. 8) should have a low
aesthetical value (e.g., 30 points). The evaluation model
140B may also 1dentify, from the prior aesthetical evaluation
data, that the sample 1images incompletely showing an object
have received mixed evaluation values (e.g., average points
out of 100). On this basis, the evaluation model 140B may
determine that, 1n the RPI 700B, an object (1.e., carnival
ride) positioned on the left 1s not completely shown, and
then determine that the RPI 700B (shown in FIG. 8) should
have an average aesthetical value (e.g., 50 points). The
evaluation model 140B may further identity, from the prior
aesthetical evaluation data, that the sample 1images showing
amusement park rides have been evaluated highly (e.g.,
average 85 points out of 100). The evaluation model 1408
may then determine that the RPI 700A (shown in FIG. 8)
should be given a high aesthetical value (e.g., 85 points).

Upon determining the aesthetical value of each RPI 700,
the system 100 may rank the RPI 700 based on the aestheti-
cal value, and select one of the RPIs 700 having the highest
aesthetical value (e.g., RPI 700A having the aesthetical
value of 85 points) as the target image 300. The target image
300 may then be extracted from the evaluation model 1408,
and the system 100 may cause the target image 300 to be
displayed via the display 114 of the local device 110.

As such, this description allows to automatically generate,
from a source 1image, a number of different variations having
different sizes and shapes while maintaining the same or
similar aesthetical value or visual eflectiveness. Therefore,
this description provides a technical solution to the technical
problems that aesthetically pleasing modifications of a
source 1mage cannot be automatically generated even with a
state-of-art machine unless human intelligence, training,
skill and efforts are involved.

Such target image 300 may need to be provided to the user
as quickly as possible so that the user can use the target
image 300 without waiting too long. However, when a large
number of RPIs 700 are generated, 1t may take a long time
for the system 100 to complete determining the aesthetical
values of all the RPIs 700. Hence, the system 100 may be
configured to determine the aesthetical values of the RPIs
700 1n a parallel manner. For example, as shown 1n FIG. 10,
the evaluation model 140B may operate a plurality of
aesthetical evaluators, for example, first to third aesthetical
evaluators 1010A, 1010B and 1010C, which are configured
to operate simultaneously 1n parallel. When a plurality of
RPIs 700, for example, first to seventh RPIs RPI_1, RPI_2,
RPI_3, RPI_4, RPI_5, RPI_6 and RPI_7, are generated, the
first to third RPIs RPI_1, RPI_2 and RPI_3 may be provided
to the first to third aesthetical evaluators 1010A, 1010B and
1010C, respectively, such that the third aesthetical evalua-
tors 1010A, 10108 and 1010C can simultaneously process
the first to third RPIs RPI_1, RPI_2 and RPI_3 1n parallel,
and generate first to third evaluation values EV_1, EV_2 and
EV_3 of the first to third RPIs RPI 1, RPI 2 and RPI 3,
respectively. Then, the fourth to sixth RPIs RPI_4, RPI_5
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and RPI_6 may be provided to and processed by the first to
third aesthetical evaluators 1010A, 1010B and 1010C,
respectively, to generate fourth to sixth evaluation values
EV_ 4, EV_5 and EV_6 of the fourth to sixth RPIs RPI 4,
RPI_5 and RPI_6, respectively. One of the aesthetical evalu-
ators 1010A, 1010B and 1010C may complete the evalua-
tion sooner than the others. For example, the second aes-
thetical evaluators 1010B may complete the evaluation of
the fitth RPI RPI 5 while the first and third evaluators
1010A and 1010C are still processing the fourth and sixth
RPI RPI 4 and RPI 6. In such case, the next RPI in the
queue, for example, the seventh RPI RPI_7 may be provided
to the second aesthetical evaluators 1010B, which may in
turn generate a seventh evaluation value EV_7. As such,
even when a large number of RPIs 700 are generated, the
evaluation model 140B may be able to significantly reduce
the time that takes to evaluate all of the RPIs 700, which may
also reduce to selecting and providing the target image 300
to the user.

Additionally, or alternatively, the system 100 may con-
figured to filter out some of the RPIs 700 having a feature or
teatures that negatively impact the aesthetical value thereof
and are easily detectable. The remaining RPIs 700 may then
be processed to generate their aesthetical values, or may be
filtered again more thoroughly before their aesthetical values
are determined. For example, as shown m FIG. 11, the
evaluation model 140B may include one or more aesthetical
value filters, such as first and second aesthetical value filters
1110A and 1110B, etc. The first aesthetical value filter 1110 A
may be a coarse aesthetical value filter (hereinafter “first
filter 1110A”). The first filter 1110A may be configured to
detect a feature or features 1n each RPI 700 that may be easy
to detect and negatively impact the aesthetical value. For
example, the first filter 1110A may be configured to deter-
mine whether each RPI 700 prominently shows a flare or
bight light, which may be relatively easily detected based on
an overall image brightness, and categorize such RPIs as
falled RPIs 700X, which may be eliminated or discarded.
The remaiming RPIs 700 are categorized as passed RPIs
700Y and provided to the second aesthetical value filter
1110B (hereinatter “second filter 1110B”), which may be a
fine aesthetical value filter. The second filter 1110B may
process each of the passed RPI 700Y to perform a full-scale
detailed aesthetical evaluation and determine the aesthetical
values of the passed RPIs 700Y. Hence, the evaluation
model 140B may not need to perform the full-scale detailed
aesthetical evaluation on all of the RPIs 700, which may
significantly reduce the time to provide the target image 300
to the user.

FIG. 12A 1llustrates another example source image 1200,
which 1s a company logo having an elongated rectangular
shape, of which the width 1s substantially greater than the
height. When such shaped source image 1200 needs to be
modified to have a substantially different image configura-
tion, such as a rectangular shaped image having a height and
width that are substantially the same, 1t would be difhicult or
impossible to generate an aesthetically pleasing target image
regardless of how the source image 1200 1s resized, cropped
or warped. In such case, the system 100 may be configured
to analyze the source image 1200 and determine that the
source 1mage 120 has a logo and text on a dark background.
Then, based on the set of rules, the system 100 may
determine that a solution to retain the aesthetical value or
minimize any loss to the aesthetical value 1s to generate a
new portion having the same color as the background and
add the new portion to the source 1image 1200 because such
modification does not alter an aspect ratio of the logo and




US 11,961,261 B2

11

text 1n the source image 1200. Then, as shown 1 FIG. 12B,
the system 100 may generate a target image 1210 having a
substantially square shape having the dark background
color, 1n which the logo and text are located at the bottom
thereol. As such, this description provides a technical solu-
tion to the technical problem that some i1mages cannot be
modified to have a drastically different configuration without
a significant loss 1n the aesthetical value.

FI1G. 13 1s a flow diagram showing example operations by
the system 100 to modify a source image to have a diflerent
image configuration while retaining or improving an aes-
thetical value or minimizing any loss to the aesthetical value.

At step 1310, the system 100 may receive the source
image 200 having a first image configuration. At step 1320,
the system 100 may determine a second 1image configuration
for a target image. At step 1330, the system 100 may
provide, to the Al engine 130, the recerved source image
200. The Al engine 130 may 1nclude or be 1n communication
with the selection model 140A, evaluation model 140B, etc.
At step 1340, the Al engine 130 may 1dentily, based on a set
of rules related to visual features, a plurality of candidate
regions 400 from the source image 200. Each candidate
region 400 may show a different portion of the source image
200. At step 1350, the Al engine 130 may generate a
plurality of RPIs 700 based on the identified candidate
regions 400, respectively. Each of the RPIs 700 may have
the second 1mage configuration. At step 1360, the Al engine
130 may determine, based on prior aesthetical evaluation
data, an aesthetical value of each of the RPIs 700. At step
1370, the system 100 may select, based on the determined
aesthetical value of each RPI 700, a first regional proposal
image, which 1s one of the plurality of RPI 700, as the target
image 300. At step 1380, the system 100 may extract, {from
the Al engine 130, the first RPI selected as the target image
300. At step 1380, the system 100 may then cause the first
regional proposal image to be displayed via the display 114
of the local user device 110.

As such, this description allows to automatically generate,
from a source image, a number of different modifications,
cach of which meets size and shape requirements or restric-
tions by each different platform or service while maintaining,
the same or similar aesthetical value or visual eflectiveness.
Therefore, this description provides a technical solution to
the technical problems that various aesthetically pleasing
modifications of a source image cannot be generated even
with a state-of-art machine unless human intelligence, train-
ing, skill and eflorts are mvolved.

FIG. 14 1s a block diagram showing an example a
computer system 1400 upon which aspects of this disclosure
may be implemented. The computer system 1400 may
include a bus 1402 or other communication mechanism for
communicating information, and a processor 1404 coupled
with the bus 1402 for processing information. The computer
system 1400 may also include a main memory 1406, such as
a random-access memory (RAM) or other dynamic storage
device, coupled to the bus 1402 for storing information and
instructions to be executed by the processor 1404. The main
memory 1406 may also be used for storing temporary
variables or other intermediate information during execution
of instructions to be executed by the processor 1404. The
computer system 1400 may implement, for example, the
local device 110, server 120, Al engine 130, selection model
140, evaluation model 150, and/or the like.

The computer system 1400 may further include a read
only memory (ROM) 1408 or other static storage device
coupled to the bus 1402 for storing static information and
instructions for the processor 1404. A storage device 1410,

10

15

20

25

30

35

40

45

50

55

60

65

12

such as a flash or other non-volatile memory may be coupled
to the bus 1402 for storing information and instructions.

The computer system 1400 may be coupled via the bus
1402 to a display 1412, such as a liqmd crystal display
(LCD), for displaying information. One or more user input
devices, such as the example user input device 1414 may be
coupled to the bus 1402, and may be configured for receiv-
ing various user inputs, such as user command selections
and communicating these to the processor 1404, or to the
main memory 1406. The user input device 1414 may include
physical structure, or virtual implementation, or both, pro-
viding user mput modes or options, for controlling, for
example, a cursor, visible to a user through display 1412 or
through other techmques, and such modes or operations may
include, for example virtual mouse, trackball, or cursor
direction keys.

The computer system 1400 may include respective
resources of the processor 1404 executing, 1n an overlapping
or interleaved manner, respective program instructions.
Instructions may be read into the main memory 1406 from
another machine-readable medium, such as the storage
device 1410. In some examples, hard-wired circuitry may be
used 1n place of or 1n combination with software nstruc-
tions. The term “machine-readable medium™ as used herein
refers to any medium that participates 1in providing data that
causes a machine to operate 1n a specific fashion. Such a
medium may take forms, including but not limited to,
non-volatile media, volatile media, and transmission media.
Non-volatile media may include, for example, optical or
magnetic disks, such as storage device 1410. Transmission
media may include optical paths, or electrical or acoustic
signal propagation paths, and may include acoustic or light
waves, such as those generated during radio-wave and
inira-red data communications, that are capable of carrying
instructions detectable by a physical mechanism for iput to
a machine.

The computer system 1400 may also include a commu-
nication interface 1418 coupled to the bus 1402, for two-way
data communication coupling to a network link 1420 con-
nected to a local network 1422. The network link 1420 may
provide data communication through one or more networks
to other data devices. For example, the network link 1420
may provide a connection through the local network 1422 to
a host computer 1424 or to data equipment operated by an
Internet Service Provider (ISP) 1426 to access through the
Internet 1428 a server 1430, for example, to obtain code for
an application program.

In the following, further features, characteristics and
advantages of the mvention will be described by means of
items:

Item 1. A system for modifying an image, including a
processor and a computer-readable medium 1n commu-
nication with the processor, the computer-readable
medium including instructions that, when executed by
the processor, cause the processor to control the system
to perform functions of receiving a source 1image hav-
ing a first image configuration; determining a second
image configuration for a target image; providing, to an
artificial intelligence (Al) engine, the received source
image, the Al engine trained to perform functions of:
identifying, based on a set of rules related to visual
features, a plurality of candidate regions from the
source 1image, each candidate region showing a difler-
ent portion of the source 1image; generating a plurality
of regional proposal images based on the plurality of
identified candidate regions, respectively, wherein each
proposal region 1mage has the second 1mage configu-
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ration; determining, based on prior aesthetical evalua-
tion data, an aesthetical value of each regional proposal
image; and selecting, based on the determined aestheti-
cal value of each regional proposal image, a first
regional proposal image as the target image, the first
region proposal 1mage being one of the plurality of
regional proposal 1mages; extracting, from the Al
engine, the first regional proposal 1image selected as the
target 1mage; and causing the first regional proposal
image to be displayed via a display of a user device.

Item 2. The system of Item 1, wherein the first image
configuration includes a first image height and a first
image width, the second 1mage configuration include a
second 1mage height and a second 1mage width, and at
least one of the first image height and width 1s different
from at least one of the second 1image height and width.

Item 3. The system of Item 1, wherein, for generating the
plurality of regional proposal images, the Al engine 1s
further trained to perform modifying a size or shape of
at least some of the i1dentified candidate regions.

Item 4. The system of Item 3, wherein, for moditying the
s1ze or shape of at least some of the 1dentified candidate
regions, the Al engine 1s further trained to perform
resizing, cropping or warping at least some of the
candidate regions; or adding a new region to at least
some of the candidate regions.

Item 5. The system of Item 1, wherein the Al engine
includes a first machine learming (ML) model trained to
perform 1dentitying, from the source image, the plu-
rality of candidate regions based on the set of rules
related to the visual features.

Item 6. The system of Item 5, wherein the set of rules
related to the visual features includes at least one of the
second 1mage configuration for the target image; an
aspect ratio or shape of the source image or target
image; a location of text in the source image; a location
of a logo 1n the source 1mage; a location of a specific
body part in the source image; a visibility tolerance;
and a clarity or distortion tolerance.

Item 7. The system of Item 5, wherein the Al engine
further mncludes a second ML model trained to perform
determining, based on the prior aesthetical evaluation
data, the aesthetical value of each regional proposal
image.

Item 8. The system of Item 7, wherein the prior aesthetical
evaluation data includes a plurality of prior user aes-
thetical evaluations of a plurality of sample 1mages
having different visual features and configurations.

Item 9. The system of Item 7, wherein, for determining the
aesthetical value of each regional proposal 1image, the
second ML model 1s configured to perform a function
ol processing, using a plurality of computing devices,
the plurality of regional proposal 1images 1n parallel.

Item 10. The system of Item 7, wherein, for determining,
the aesthetical value of each regional proposal 1image,
the second ML model 1s configured to perform func-
tions of determining, based on a set of coarse aesthetic
selection rules, a first aesthetical evaluation value of
cach regional proposal 1mage; 1dentifying a set of the
regional proposal images having the first aesthetical
cvaluation value higher than a predetermined value;
determining, based on a set of fine aesthetic selection
rules, a second aesthetical evaluation value of each
included 1n the identified set of the regional proposal
images; determining that the first regional proposal
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image has a highest second aesthetical evaluation
value; and selecting the first regional proposal 1image as
the target image.

Item 11. A method of operating a system for modifying an
image, including receiving a source image having a
first 1image configuration; determining a second i1mage
confliguration for a target image; providing, to an arti-
ficial intelligence (Al) engine, the received source
image, the Al engine trained to perform functions of:
identifying, based on a set of rules related to visual
features, a plurality of candidate regions from the
source 1image, each candidate region showing a difler-
ent portion of the source 1image; generating a plurality
of regional proposal images based on the plurality of
identified candidate regions, respectively, wherein each
proposal region image has the second 1image configu-
ration; determining, based on prior aesthetical evalua-
tion data, an aesthetical value of each regional proposal
image; and selecting, based on the determined aestheti-
cal value of each regional proposal image, a first
regional proposal 1image as the target image, the first
region proposal image being one of the plurality of
regional proposal 1mages; extracting, from the Al
engine, the first regional proposal image selected as the
target 1mage; and causing the first regional proposal
image to be displayed via a display of a user device.

Item 12. The method of Item 11, wherein the first image
configuration includes a first image height and a first
image width, the second 1mage configuration includes
a second 1mage height and a second 1mage width, and
at least one of the first image height and width 1s
different from at least one of the second 1mage height
and width.

Item 13. The method of Item 11, wherein generating the
plurality of regional proposal images includes modify-
ing a size or shape of at least some of the identified
candidate regions.

Item 14. The method of Item 13, wherein modifying the
s1ze or shape of at least some of the 1dentified candidate
regions includes resizing, cropping or warping at least
some of the candidate regions; or adding a new region
to at least some of the candidate regions.

Item 15. The method of Item 11, wherein the Al engine
includes a first machine learning (ML) model trained to
perform 1dentitying, from the source image, the plu-
rality of candidate regions based on the set of rules
related to the visual features.

[tem 16. The method of Item 15, wherein the set of rules
related to the visual features includes at least one of the
second 1mage configuration for the target image;

an aspect ratio or shape of the source image or target
image; a location of text in the source image; a location
of a logo 1n the source 1mage; a location of a specific
body part 1n the source image; a visibility tolerance;
and a clarity or distortion tolerance.

Item 17. The method of Item 15, wherein the Al engine
further imncludes a second ML model trained to perform
determining, based on the prior aesthetical evaluation
data, the aesthetical value of each regional proposal
image.

Item 18. The method of Item 17, wherein the prior
aesthetical evaluation data includes a plurality of prior
user aesthetical evaluations of a plurality of sample
images having different visual features and configura-
tions.

Item 19. The method of Item 17, wherein, for determining,
the aesthetical value of each regional proposal image,
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the second ML model 1s configured to perform a
function of processing, using a plurality of computing
devices, the plurality of regional proposal images 1n
parallel; or perform functions of determining, based on
a set of coarse aesthetic selection rules, a first aestheti-
cal evaluation value of each regional proposal 1image;
identifying a set of the regional proposal images having
the first aesthetical evaluation value higher than a
predetermined value; determining, based on a set of
fine aesthetic selection rules, a second aesthetical
evaluation value of each included in the 1dentified set of
the regional proposal images; determining that the first
regional proposal image has a highest second aestheti-
cal evaluation value; and selecting the first regional
proposal 1mage as the target image.

Item 20. A non-transitory computer-readable medium
including instructions that, when executed by a proces-
sor, cause the processor to control a system to perform
receiving a source 1mage having a first image configu-
ration; determining a second 1mage configuration for a
target image; providing, to an artificial intelligence (Al)
engine, the received source image, the Al engine
trained to perform functions of 1dentitying, based on a
set of rules related to visual features, a plurality of
candidate regions from the source image, each candi-
date region showing a different portion of the source
image; generating a plurality of regional proposal
images based on the plurality of i1dentified candidate
regions, respectively, wherein each proposal region
image has the second image configuration; determin-
ing, based on prior aesthetical evaluation data, an
aesthetical value of each regional proposal 1image; and
selecting, based on the determined aesthetical value of
cach regional proposal 1image, a first regional proposal
image as the target image, the first region proposal
image being one of the plurality of regional proposal
images; extracting, from the Al engine, the {irst
regional proposal 1mage selected as the target image;
and causing the first regional proposal 1mage to be
displayed via a display of a user device.

While various embodiments have been described, the
description 1s mtended to be exemplary, rather than limiting,
and 1t 1s understood that many more embodiments and
implementations are possible that are within the scope of the
embodiments. Although many possible combinations of
features are shown 1n the accompanying figures and dis-
cussed 1n this detailed description, many other combinations
of the disclosed features are possible. Any feature of any
embodiment may be used 1n combination with or substituted
for any other feature or element in any other embodiment
unless specifically restricted. Therefore, 1t will be under-
stood that any of the features shown and/or discussed 1n the
present disclosure may be implemented together in any
suitable combination. Accordingly, the embodiments are not
to be restricted except i light of the attached claims and
theirr equivalents. Also, various modifications and changes
may be made within the scope of the attached claims.

While the foregoing has described what are considered to
be the best mode and/or other examples, 1t 1s understood that
vartous modifications may be made therein and that the
subject matter disclosed herein may be implemented 1in
various forms and examples, and that the teachings may be
applied 1n numerous applications, only some of which have
been described herein. It 1s intended by the following claims
to claim any and all applications, modifications and varia-
tions that fall within the true scope of the present teachings.
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Unless otherwise stated, all measurements, values, rat-
ings, positions, magnitudes, sizes, and other specifications
that are set forth 1n this specification, including 1n the claims
that follow, are approximate, not exact. They are intended to
have a reasonable range that 1s consistent with the functions
to which they relate and with what 1s customary 1n the art to
which they pertain.

The scope of protection 1s limited solely by the claims that
now follow. That scope 1s intended and should be interpreted
to be as broad as 1s consistent with the ordinary meaning of
the language that 1s used in the claims when interpreted in
light of this specification and the prosecution history that
follows and to encompass all structural and functional
equivalents. Notwithstanding, none of the claims are
intended to embrace subject matter that fails to satisty the
requirement of Sections 101, 102, or 103 of the Patent Act,
nor should they be interpreted 1n such a way. Any unin-
tended embracement of such subject matter 1s hereby dis-
claimed.

Except as stated immediately above, nothing that has been
stated or illustrated 1s intended or should be interpreted to
cause a dedication of any component, step, feature, object,
benelit, advantage, or equivalent to the public, regardless of
whether 1t 1s or 1s not recited 1n the claims.

It will be understood that the terms and expressions used
herein have the ordinary meaning as 1s accorded to such
terms and expressions with respect to their corresponding
respective areas of inquiry and study except where specific
meanings have otherwise been set forth herein. Relational
terms such as first and second and the like may be used
solely to distinguish one enfity or action from another
without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The
terms “‘comprises,” “‘comprising,” or any other variation
thereof, are intended to cover a non-exclusive inclusion,
such that a process, method, article, or apparatus that com-
prises a list of elements does not include only those elements
but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An
clement proceeded by “a” or “an” does not, without further
constraints, preclude the existence of additional identical
clements 1n the process, method, article, or apparatus that
comprises the element.

The Abstract of the Disclosure 1s provided to allow the
reader to quickly ascertain the nature of the technical dis-
closure. It 1s submitted with the understanding that it will not
be used to iterpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t
may be seen that various features are grouped together in
various examples for the purpose of streamlining the dis-
closure. This method of disclosure 1s not to be interpreted as
reflecting an intention that the claims require more features
than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies 1n less
than all features of a single disclosed example. Thus, the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on i1ts own as a
separately claimed subject matter.

What 1s claimed 1is:

1. A system for modifying an image, comprising:

a processor; and

a computer-readable medium in communication with the
processor, the computer-readable medium comprising
instructions that, when executed by the processor,
cause the processor to control the system to perform
functions of:
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receiving a source image having a first image configura-
tion;

determining a second image configuration for a target
1mage;

providing, to an artificial intelligence (Al) engine, the
received source image, the Al engine trained to perform
functions of:

identifying, based on a set of rules related to wvisual
features, a plurality of candidate regions from the
source 1mage, each candidate region showing a difler-
ent portion of the source 1mage;

generating a plurality of regional proposal images based
on the plurality of identified candidate regions, respec-
tively, wherein each proposal region image has the
second 1mage configuration;

determining, based on prior aesthetical evaluation data, an
aesthetical value of each regional proposal 1mage; and

selecting, based on the determined aesthetical value of
cach regional proposal 1image, a first regional proposal
image as the target image, the first region proposal
image being one of the plurality of regional proposal
1mages;

extracting, from the Al engine, the first regional proposal
image selected as the target image; and

causing the first regional proposal image to be displayed
via a display of a user device.

2. The system of claim 1, wherein:

the first image configuration includes a first image height
and a first 1mage width,

the second 1mage configuration include a second 1mage

height and a second 1mage width, and

least one of the first image height and width 1s different

from at least one of the second 1image height and width.

3. The system of claim 1, wherein, for generating the
plurality of regional proposal images, the Al engine 1s
turther trained to perform modifying a size or shape of at
least some of the i1dentified candidate regions.

4. The system of claim 3, wherein, for modifying the size
or shape of at least some of the identified candidate regions,
the Al engine 1s further trained to perform:

resizing, cropping or warping at least some of the candi-

date regions; or

adding a new region to at least some of the candidate

regions.

5. The system of claim 1, wherein the Al engine com-
prises a lirst machine learning (ML) model trained to
perform identifying, from the source image, the plurality of
candidate regions based on the set of rules related to the
visual features.

6. The system of claim 3, wherein the set of rules related
to the visual features includes at least one of:

the second 1mage configuration for the target image;

an aspect ratio or shape of the source 1mage or target

1mage;

a location of text in the source image;

a location of a logo in the source 1mage;

a location of a specific body part in the source image;

a visibility tolerance; and

a clarity or distortion tolerance.

7. The system of claim 5, wherein the Al engine further
comprises a second ML model trained to perform determin-
ing, based on the prior aesthetical evaluation data, the
aesthetical value of each regional proposal image.

8. The system of claim 7, wherein the prior aesthetical
evaluation data comprises a plurality of prior user aesthetical
evaluations of a plurality of sample 1images having different
visual features and configurations.
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9. The system of claim 7, wherein, for determiming the
aesthetical value of each regional proposal image, the sec-
ond ML model 1s configured to perform a function of
processing, using a plurality of computing devices, the
plurality of regional proposal images 1n parallel.

10. The system of claim 7, wherein, for determining the
aesthetical value of each regional proposal image, the sec-
ond ML model 1s configured to perform functions of:

determining, based on a set of coarse aesthetic selection

rules, a first aesthetical evaluation wvalue of each
regional proposal 1mage;

identifying a set of the regional proposal images having

the first aesthetical evaluation value higher than a
predetermined value;

determiming, based on a set of fine aesthetic selection

rules, a second aesthetical evaluation value of each
included 1n the identified set of the regional proposal
1mages;

determiming that the first regional proposal image has a

highest second aesthetical evaluation value; and
selecting the first regional proposal image as the target
image.

11. A method of operating a system for modifying an
image, comprising:

receiving a source image having a first image configura-

tion;

determiming a second image configuration for a target

1mage;

providing, to an artificial intelligence (Al) engine, the

received source 1image, the Al engine trained to perform
functions of:

identifying, based on a set of rules related to visual

features, a plurality of candidate regions from the
source 1image, each candidate region showing a difler-
ent portion of the source 1image;

generating a plurality of regional proposal 1images based

on the plurality of identified candidate regions, respec-
tively, wherein each proposal region image has the
second 1mage configuration;
determiming, based on prior aesthetical evaluation data, an
aesthetical value of each regional proposal image; and

selecting, based on the determined aesthetical value of
cach regional proposal 1image, a {irst regional proposal
image as the target image, the first region proposal
image being one of the plurality of regional proposal
1mages;

extracting, from the Al engine, the first regional proposal

image selected as the target image; and

causing the first regional proposal 1image to be displayed

via a display of a user device.

12. The method of claim 11, wherein:

the first image configuration includes a first image height

and a first image width,

the second 1image configuration includes a second 1image
height and a second image width, and
least one of the first image height and width 1s difierent
from at least one of the second 1image height and width.

13. The method of claam 11, wherein generating the
plurality of regional proposal images includes modifying a
s1ze or shape of at least some of the identified candidate
regions.

14. The method of claim 13, wherein moditying the size
or shape of at least some of the 1dentified candidate regions
includes:

resizing, cropping or warping at least some of the candi-

date regions; or
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adding a new region to at least some of the candidate

regions.

15. The method of claim 11, wherein the Al engine
comprises a first machine learning (ML) model trained to
perform 1dentitying, from the source 1mage, the plurality of
candidate regions based on the set of rules related to the
visual features.

16. The method of claim 15, wherein the set of rules
related to the visual features includes at least one of:

the second 1mage configuration for the target image;

an aspect ratio or shape of the source image or target

1mage;

a location of text in the source 1mage;

a location of a logo 1n the source 1mage;

a location of a specific body part in the source image;

a visibility tolerance; and

a clarity or distortion tolerance.

17. The method of claim 15, wherein the Al engine further
comprises a second ML model trained to perform determin-
ing, based on the prior aesthetical evaluation data, the
aesthetical value of each regional proposal image.

18. The method of claim 17, wherein the prior aesthetical
cvaluation data comprises a plurality of prior user aesthetical
evaluations of a plurality of sample 1images having different
visual features and configurations.

19. The method of claim 17, wherein, for determining the
aesthetical value of each regional proposal image, the sec-
ond ML model 1s configured to:

perform a function of processing, using a plurality of

computing devices, the plurality of regional proposal
images 1n parallel; or

perform functions of:

determining, based on a set of coarse aesthetic selection

rules, a first aesthetical evaluation value of each
regional proposal image;

identifying a set of the regional proposal 1images having

the first aesthetical evaluation value higher than a
predetermined value;
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determiming, based on a set of fine aesthetic selection
rules, a second aesthetical evaluation value of each
included 1n the identified set of the regional proposal
1mages;

determining that the first regional proposal 1image has a

highest second aesthetical evaluation value; and
selecting the first regional proposal image as the target
image.

20. A non-transitory computer-readable medium compris-
ing instructions that, when executed by a processor, cause
the processor to control a system to perform:

recerving a source image having a first image configura-

tion;

determining a second image configuration for a target

1mage;

providing, to an artificial intelligence (Al) engine, the

received source 1image, the Al engine trained to perform
functions of:

identifying, based on a set of rules related to visual

features, a plurality of candidate regions from the
source 1mage, each candidate region showing a ditler-
ent portion of the source image;

generating a plurality of regional proposal images based

on the plurality of identified candidate regions, respec-
tively, wherein each proposal region image has the
second 1mage configuration;
determining, based on prior aesthetical evaluation data, an
aesthetical value of each regional proposal 1image; and

selecting, based on the determined aesthetical value of
cach regional proposal image, a first regional proposal
image as the target image, the first region proposal
image being one of the plurality of regional proposal
1mages;

extracting, from the Al engine, the first regional proposal

image selected as the target image; and

causing the first regional proposal image to be displayed

via a display of a user device.
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